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Abstract Tumour-invasion like wound healing is charac-
terised by the formation of an extracellular matrix with a
high tenascin-C content. The tenascin-C molecule under-
goes alternative splicing. Analysis using antibody BC2
indicates that especially the high-molecular tenascin-C (hm
tn-C) variants are typically tumour-associated, while distri-
bution in normal tissue is restrictive. This study investigat-
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ed whether hm tn-C is a suitable indicator of atypical cells
with invasive potential in oral brush biopsies. One hundred
fifty nine consecutive oral brush biopsies with histopatho-
logical diagnoses were analysed for the identification of
atypical cells. A standardised haematoxylin and eosin
staining plus standardised immunocytochemistry using the
monoclonal anti-hm tn-C antibody was performed. The
bound hm tn-C antibodies were detected with the strepta-
vidine/alkaline phosphatase technique in the autostainer.
Conventional cytology produced four false-positives when
identifying atypical cells in brush biopsies of inflammatory/
benign hyperproliferative mucosa (specificity 96%), while
10 in 52 carcinomas and three of eight recurrences were not
identified (sensitivity 78%). Ten of these 13 non-identified
tumours could be marked when adding the hm tn-C assay
(increasing specificity to 99%). Combining the two assays
also reduced the false-positive outcomes from four to one
(increasing sensitivity to 95%). The positive and negative
predictive values were 92 and 88% for conventional
cytology vs 98 and 97% for the dual assay. (1) A 95%-
sensitivity proves hm tn-C assisted conventional cytology
to be a suitable means of identifying atypical cells in oral
brush biopsies. (2) The positive (98%) and negative (97%)
predictive values obtained approximate hm tn-C assisted
conventional cytology to laminin-5 (100/97%).

Keywords Oral brush biopsy - Oral exfoliative cytology -
Early recognition - Tenascin-C - Oral squamous cell
carcinoma

Introduction

In the 1990s, the renaissance of oral cytology was set on
foot when, in the USA, a brush was introduced for
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Table 1 Classification and numbers of oral mucosal lesions

Diagnosis Numbers
Normal oral mucosa, non-smoker 15
Inflammatory lesion 28
Hyperproliferative lesion 56

Oral squamous cell carcinoma 52
Carcinoma in situ Tis 2

Oral squamous cell carcinoma T1 (mic) 3(3xG2)
Oral squamous cell carcinoma T1 17(17xG2)

Oral squamous cell carcinoma T2
Oral squamous cell carcinoma T3 5(3xG2, 2xG3)
Oral squamous cell carcinoma T4 13(9xG2, 4xG3)
Recidivation of an oral squamous 8

cell carcinoma

12(9% G2, 3xG3)

Recidivation of an oral squamous cell 1(G2)
carcinoma T1

Recidivation of an oral squamous cell 2(2xQG2)
carcinoma T2

Recidivation of an oral squamous cell 1(G2)

carcinoma T3
Recidivation of an oral squamous cell
carcinoma T4

4(3xG2, 1xG3)

T tumour size, G histological grading, mic micro-invasive

sampling and computer-assisted imaging was first
employed as an analytical tool [24]. Unlike exfoliative
cytology, the purpose of brush biopsy is to provide access
to the deeper layers of oral tissue. It is designed to support
the morphological clinical grading of mucosal changes and
to facilitate the examining physician’s decision on the
necessity of scalpel biopsy [21, 23]. Various procedures
assisting analysis were developed to increase the sensitivity
and/or specificity of the identification of oral squamous cell
carcinomas and their precursor lesions [4, 14, 22]. At
present, these procedures include assisted imaging analysis
(Oral CDx®), DNA cytometry [21] and immunocytochem-
istry using the y2 chain of laminin-5 [7, 8].

An invasion by oral squamous cell carcinomas repre-
sents a process that is coordinated and spatially structured,
with the invasive front showing a breakdown in physiolog-
ical extracellular matrix structures on the one hand and

Fig. 1 Standardised HE stain- a
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b oral squamous cell carcinoma,
highly pathological nucleus-
plasma relation, anisomorphy
and hyperchromasy of nuclei,
cell detritus and bacteria in the
background

@ Springer

resynthetisation of a provisional extracellular matrix that
explicitly incorporates laminin-5 and high-molecular tenas-
cin-C on the other [2, 10]. After a maximising effect in
terms of sensitivity and specificity was established for the
v2 chain of laminin-5 used to immunohistochemically
enhance oral transepithelial brush biopsy [7, 8], it is now
assumed that cells with an invasive potential can also be
marked by tenascin-C, which is found to be overexpressed
during malignant transformation [18]. In this context, low
and high molecular tenascin-C splicing variants need to be
differentiated. While low-molecular tenascin-C will not
only serve as an immunohistochemical label of atypical
cells in tissue slices but will also identify pre-existing
structures such as the basilemma of the oral epithelium or
small salivary glands, its high-molecular form solely marks
the invasive zone [11].

This prospective cytopathological clinical study was
designed to assess the value of conventional brush biopsy
in the identification of oral squamous cell carcinomas and
their precursor lesions in the first step. The second step was
to verify whether immunocytochemical imaging of high-
molecular tenascin-C, like the y2 chain of laminin-5, lent
itself to the identification of pre-invasive or invasive
squamous epithelial cells in oral brush biopsies, and would
thus represent another contribution to rapid and reliable
interpretations of brush biopsies from oral lesions.

Patients and methods

The value-based identification of atypical epithelia was
analysed in 159 consecutive brush biopsies with a histo-
pathological diagnosis for correlative analysis of the brush
biopsy diagnoses: 15 brush biopsies of normal oral mucosa,
28 inflammatory lesions, 56 hyperproliferative lesions, 52
primary neoplastic lesions and 8§ recurrent squamous cell
carcinomas (Table 1).

Lesions were scraped with a brush (Cytobrush® Plus GT
non-sterile, Medscand Medical AB, Malmd, Sweden)
applying pressure and rotation. The cells harvested were
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Fig. 2 Standardised immuno-
cytochemistry with high molec-
ular tenascin-C (clone BC2).
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then transferred to the slide (SuperFrost® Plus, Menzel,
Braunschweig, Germany) by performing full-circle turning
and rolling motions with the brush. In this procedure, the
brush was repeatedly brought into contact and turned so as
to repeat cell patterns on the slide.
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For analysis of the brush cytology, standardised haema-
toxylin and eosin (HE) staining and standardised immuno-
cytochemistry using the monoclonal antibody BC2 (Prof.
L. Zardi, National Institute of Cancer Research, Genoa,
Italy) against hm tn-C in a dilution of 1:20 were performed

Fig. 3 Result of conventional 60 —
cytological analysis of brush
biopsies. OSCC oral squamous

cell carcinoma

B HE true
B HE false
OHE unclarified
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Fig. 4 Result of combination of 60 —
conventional cytological and
immunocytochemical analysis

of the brush biopsies. OSCC

BTrue
B False

oral squamous cell carcinoma

Healthy

after acetone fixation. Detection of the bound hm tn-C
antibody was performed with the streptavidine/alkaline
phosphatase ChemMate kit and the Autostainer (Dako,
Glostrup, Denmark) according to the manufacture’s protocol.
Non-hm tn-C stained cells could be identified in all speci-
mens. Therefore, false-positive immunostains due to technical
artefacts could be excluded.

Results

With this brush biopsy procedure, all slides prepared
contained cellular material that was qualitatively and
quantitatively representative for cytological analysis. The
HE stains of the brush biopsies of normal oral mucosa
showed large epithelial cells with small uniform nuclei. By
contrast, brush cytology of oral squamous cell carcinomas
traced many tumour cells that were smaller. They had larger
dark blue nuclei and often were arranged in clusters
(Fig. 1).

Immunocytochemical evaluation of brush biopsy sam-
ples from the normal oral mucosa did not reveal any
atypical cells. While no immune staining of high-molecular
tenascin-C was demonstrable, the atypical epithelial com-
plexes present in oral squamous cell carcinoma were
noticeable by their intense red colouring, which showed
one of two immunocytochemical patterns: (1) staining of
cytoplasm and cell margins or (2) a positive haze
surrounding atypical cells. Bacterial and fungal colonies
gave false-positive results (Fig. 2). Moreover, cytology
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yielded reasonable indications for the specification of
reactive lesions.

In six cases, HE screening did not allow for a clear
cytological diagnosis. Conventional cytology produced four
false-positive cases, i.e. atypical cells in brush biopsies of
inflammatory or benign hyperproliferative mucosa. Speci-
ficity was 96%. In 13 other cases, a false-negative diagnosis
was established: 10 in 52 carcinomas and three of eight
recurrences could not be cytologically identified. This
resulted in a limited sensitivity of 78% for conventional
cytology (Fig. 3).

Ten of these 13 cytologically non-identified tumours
could be marked when adding the hm tn-C assay.
Enhancing conventional cytology by high-molecular tenas-
cin-C immunocytochemistry also reduced the false-positive
outcomes from four to one (Fig. 4).

Combining conventional cytology and immunocyto-
chemistry using high-molecular tenascin-C increased assay
specificity from 96 to 99% and sensitivity from 78 to 95%.
A positive predictive value of 92% was estimated for
conventional cytology and was 98% for the combined
immunocytochemistry with high-molecular tenascin-C. The
negative predictive value was 88% for conventional
cytology and reached 97% for the enhanced assay with
high-molecular tenascin-C (Table 2).

The dual assay combining conventional cytology and hm
tn-C immunochemistry left a total number of three
squamous cell carcinomas unidentified; these included one
carcinoma in situ and a micro-invasive carcinoma with a
maximum diameter of 0.2 cm.
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Table 2 Value-based compari-
son of conventional and im- Conventional Tenascin-C Conventional cytology and tenascin-C
munocytochemical analysis of cytology immunocytochemistry  immunocytochemistry
brush biopsies with high mo-
lecular tenascin-C (hm tn-C) Specificity (%) 96 93 99

Sensitivity (%) 78 83 95

Positive predictive 92 88 98

value (%)
Negative predictive 88 90 97

value (%)

Discussion

The limited sensitivity (78%) and specificity (96%) of
conventional brush biopsies make it imperative that their
sensitivity and specificity be increased with the help of
cost-effective and universally available procedures. To date,
computer-assisted imaging analysis (Oral CDx®) [22-24,

26], DNA imaging cytometry [13, 21], argyrophilic
nucleolar organiser region (AgNOR) analysis [20] and
immunocytochemistry using the y2 chain of laminin-5
[7, 8] have been employed as supporting procedures for the
evaluation of oral brush biopsies. The current procedures
applied for diagnostic support in conventional brush
cytology augment the value and conclusiveness of the

Table 3 Published studies of the value of methodically supported oral brush biopsy as a tool for detecting oral squamous cell carcinoma and its

precursor lesions

Author Method Patients  Lesions  Sensitivity — Specificity =~ Positive Negative
(%) (%) predictive  predictive
value (%)  value (%)
Sciubba et al. Computer-assisted image analysis 327 327 100 93 90 100
(1999) [24] (Oral CDx®)
Remmerbach Conventional cytology 181 251 94.6 99.5 98.1 98.5
et al. (2001) [19]  DNA image cytometry 181 251 96.4 100 100 99
Conventional cytology combined 181 251 98.2 100 100 99.5
with DNA image cytometry
Svirsky et al. Computer-assisted image analysis NN NN 95.9 NN 38 NN
(2002) [26] (Oral CDx®)
Remmerbach Conventional cytology 75 75 92.5 100 100 84.6
et al. (2003) [20]  AgNOR analysis 75 75 100 100 100 100
Conventional cytology combined 75 75 100 100 100 100
with AgNOR analysis
Rick (2003) [22] Computer-assisted image analysis NN NN 90.9 NN NN NN
(Oral CDx®)
Maraki et al. Conventional cytology combined 98 98 100 97.4 89 100
(2004) [13] with DNA image cytometry
Poate et al. Computer-assisted image analysis 49 49 71.4 32 44.1 60
(2004) [16] (Oral CDx®)
Remmerbach Conventional cytology 205 322 91.3 95.1 95.4 923
et al. (2004) [21] DNA image cytometry 205 322 95.5 100 100 96.2
Conventional cytology combined 205 322 97.8 100 100 98.1
with DNA image cytometry
Scheifele et al. Computer-assisted image analysis 80 96 92.3 943 85.7 97.1
(2004) [23] (Oral CDx®)
Driemel et al. Conventional cytology 93 93 79 100 100 92
(20006) [8] y2-chain of In-5 immunocytochemistry 93 93 93 98 97 97
Conventional cytology combined with 93 93 93 100 100 97
y2-chain of In-5 immunocytochemistry
Present study Conventional cytology 159 159 78 96 92 88
(2006) hm tn-C immunocytochemistry 159 159 83 93 88 90
Conventional cytology combined with 159 159 95 99 98 97

hm tn-C immunocytochemistry

NN not named
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method (Table 3). Computer-assisted imaging analysis
(Oral CDx®), DNA imaging cytometry and AgNOR
analysis have limited availability and, due to their technical
complexity, are not considered routine procedures. By
contrast, immunocytochemistry is a widely used and well-
established method in pathological institutions.

Formation of extracellular matrixes with a high tenascin-C
content is a characteristic feature of a variety of carcinoma
types (endometrial carcinoma [29], colorectal carcinoma [9],
gastric carcinoma [31], osteosarcoma [27], breast cancer [1]
and oral squamous cell carcinoma [15]). The tenascin-C
matrix is synthesised by the carcinoma cells themselves,
especially by those of the invasive zone [11, 12, 30], and is
already demonstrable in precursor lesions [5, 17, 18, 28].
Excessive tenascin-C of the extracellular matrix is also seen
in inflammatory mucosal lesions; matrixes with a high
tenascin-C content thus are not an exclusive phenomenon
of carcinomas [28]. The tenascin-C molecule undergoes
alternative splicing [6]. Unlike “regular” tenascin-C, its high-
molecular variants, which can be detected by the antibody
BC2, are characteristic of wound healing and tumour tissue
[3]. Brush biopsy does not actually identify the extracellular
matrix but, rather, its components, which are even demon-
strable in epithelial cells, i.e. on an intracellular level. In oral
carcinoma cells, the on-going synthesis of high-molecular
tenascin-C obviously is so high that it shows distinctively
against repair lesions in immunocytological analysis, which
is reflected in the fact that high-molecular tenascin-C merely
produced four false-positives in 84 inflammatory or benign
hyperproliferative lesions. Including high-molecular tenas-
cin-C, analysis can increase the sensitivity and specificity of
conventional biopsy from 78 to 96% and from 95 to 99%,
respectively. Furthermore, the tenascin-C pattern provides
information that is independent of morphology and aids
diagnostic interpretation. Immunocytochemical labelling of
suspect cells from brush biopsies facilitates the detection of
atypical cells in the biopsy preparation and rationalises
diagnostics [25].

Oral squamous cell carcinomas were identified by immu-
nocytochemically assisted brush biopsy, irrespective of their
histopathological grading (Table 1). With positive and
negative predictive values of 98 and 97%, high-molecular
tenascin-C comes close to those values achieved by the y2
chain of laminin-5 [7, 8]. The high sensitivity provided by
brush cytology that is immunocytochemically enhanced by
high-molecular tenascin-C and the y2 chain of laminin-5
[7, 8] recommends this technique as a first diagnostic step in
the monitoring of mucosal lesions. Positive findings or a
progression of lesions, when initial findings were negative,
constitute indications for referring a patient to qualified
clinical institutions where scalpel biopsy and subsequent
histopathological evaluation will be performed.

@ Springer

Acknowledgement This study was supported by grants from the
European Union FP6, LSHC-CT-2003-5032, STROMA,; this publica-
tion reflects only the authors’ view. The European Commission is not
liable for any use that may be made of the information contained.

References

1. Adams M, Jones JL, Walker RA, Pringle JH, Bell SC (2002)
Changes in tenascin-C isoform expression in invasive and
preinvasive breast disease. Cancer Res 62:3289-3297

2. Berndt A, Borsi L, Hyckel P, Kosmehl H (2001) Fibrillary co-
deposition of laminin-5 and large unspliced tenascin-C in the
invasive front of oral squamous cell carcinoma in vivo and in
vitro. J Cancer Res Clin Oncol 127:286-292

3. Borsi A, Carnemolla B, Nicolo G, Spina B, Tanara G, Zardi L
(1992) Expression of different tenascin isoforms in normal,
hyperplastic and neoplastic human breast tissues. Int J Cancer
52:688-692

4. Burkhardt A (2006) Letter to the editor: very early cytological and
DNA-cytometric diagnosis of in situ carcinoma in an immunosup-
pressed liver transplant recipient. J Oral Pathol Med 35:520-522

5. Buyukbayram H, Arslan A (2002) Value of tenascin-C content
and association with clinicopathological parameters in uterine
cervical lesions. Int J Cancer 100(6):719-722

6. Chiquet-Ehrismann R (2004) Tenascins. Int J Biochem Cell Biol
36:986-990

7. Driemel O, Hemmer J, Dahse R, Dietmaier W, Tsioutsias T, Buch
RS, Reichert TE, Pistner H, Kosmehl H (2005) Laminin-5
identifiziert atypische Zellen in oralen Biirstenbioptaten. Dtsch
Zahnarztl Z (Suppl):144

8. Driemel O, Dahse R, Hakim SG, Tsioutsias T, Pistner H, Reichert
TE, Kosmehl H (2006) Laminin-5 immunocytochemistry: a new
tool for identifying dysplastic cells in oral brush biopsies.
Cytopathology (in press)

9. Emoto K, Yamada Y, Sawada H, Fujimoto H, Ueno M,
Takayama T, Kamada K, Naito A, Hirao S, Nakajima Y
(2001) Annexin II overexpression correlates with stromal
tenascin-C overexpression: a prognostic marker in colorectal
carcinoma. Cancer 92:1419-1426

10. Franz M, Hansen T, Richter P, Borsi L, Bohmer FD, Hyckel P,
Schleier P, Katenkamp D, Zardi L, Kosmehl H, Berndt A (2006)
Complex formation of the laminin-5 gamma2 chain and large
unspliced tenascin-C in oral squamous cell carcinoma in vitro and
in situ: implications for sequential modulation of extracellular
matrix in the invasive tumor front. Histochem Cell Biol 126:125—
131

11. Hindermann W, Berndt A, Boris L, Luo X, Hyckel P, Katenkamp
D, Kosmehl H (1999) Synthesis and protein distribution of the
unspliced large tenascin C-isoform in oral squamous cell
carcinoma. J Pathol 189:475-480

12. Katenkamp K, Berndt A, Hindermann W, Wunderlich H, Haas
KM, Borsi L, Zardi L, Kosmehl H (2003) mRNA expression and
protein distribution of the unspliced tenascin-C isoform in
prostatic adenocarcinoma. J Pathol 203:771-779

13. Maraki D, Becker J, Bocking A (2004) Cytologic and DNA-
cytometric very early diagnosis of oral cancer. J Oral Pathol Med
33:398-404

14. Maraki D, Hengge UR, Becker J, Bocking A (2006) Very early
cytological and DNA-cytometric diagnosis of in situ carcinoma in
an immunosuppressed liver transplant recipient. J Oral Pathol
Med 35:58-60

15. Mighell AJ, Thompson J, Hume WJ, Markham AF, Robinson PA
(1997) Human tenascin-C: identification of a novel type III repeat



Clin Oral Invest (2007) 11:93-99

99

16.

17.

18.

19.

20.

21.

22.

23.

in oral cancer and of novel splice variants in normal, malignant
and reactive oral mucosae. Int J Cancer 72:236-240

Poate TW, Buchanan JA, Hodgson TA, Speight PM, Barrett AW,
Moles DR, Scully C, Porter SR (2004) An audit of the efficacy of
the oral brush biopsy technique in a specialist Oral Medicine unit.
Oral Oncol 40:829-834

Ramos DM, Chen B, Regezi J, Zardi L, Pytela R (1998) Tenascin-
C matrix assembly in oral squamous cell carcinoma. Int J Cancer
75:680-687

Regezi JA, Ramos DM, Pytela R, Dekker NP, Jordan RC (2002)
Tenascin and beta 6 integrin are overexpressed in floor of mouth
in situ carcinomas and invasive squamous cell carcinomas. Oral
Oncol 38:332-336

Remmerbach TW, Weidenbach H, Pomjanski N, Knops K,
Mathes S, Hemprich A, Bocking A (2001) Cytologic and DNA-
cytometric early diagnosis of oral cancer. Anal Cell Pathol
22:211-221

Remmerbach TW, Weidenbach H, Miiller C, Hemprich A,
Pomjanski N, Buckstegge B, Bocking A (2003) Diagnostic value
of nucleolar organizer regions (AgNORs) in brush biopsies of
suspicious lesions of the oral cavity. Anal Cell Pathol 25:139-146
Remmerbach TW, Mathes SN, Weidenbach H, Hemprich A,
Bocking A (2004) Nichtinvasive Biirstenbiopsie als innovative
Methode in der Fritherkennung des Mundhéhlenkarzinoms. Mund
Kiefer Gesichtschir 8:229-236

Rick GM (2003) Oral brush biopsy: the problem of false positives.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 96:252
Scheifele C, Schmidt-Westhausen AM, Dietrich T, Reichart PA
(2004) The sensitivity and specificity of the OralCDx technique:
evaluation of 103 cases. Oral Oncol 40:824-828

24.

25.

26.

27.

28.

29.

30.

31.

Sciubba JJ (1999) Improving detection of precancerous and
cancerous oral lesions. Computer-assisted analysis of the oral
brush biopsy. US Collaborative OralCDx Study Group. J Am
Dent Assoc 130:1445-1457

Scott IS, Odell E, Chatrath P, Morris LS, Davies RJ, Vowler SL,
Laskey RA, Coleman N (2006) A minimally invasive immuno-
cytochemical approach to early detection of oral squamous cell
carcinoma and dysplasia. Br J Cancer 94:1170-1175

Svirsky JA, Burns JC, Carpenter WM, Cohen DM, Bhattacharyya
I, Fantasia JE, Lederman DA, Lynch DP, Sciubba JJ, Zunt SL
(2002) Comparison of computer-assisted brush biopsy results
with follow up scalpel biopsy and histology. Gen Dent 50:500—
503

Tanaka M, Yamazaki T, Araki N, Yoshikawa H, Yoshida T,
Sakakura T, Uchida A (2000) Clinical significance of tenascin-C
expression in osteosarcoma: tenascin-C promotes distant metasta-
ses of osteosarcoma. Int J] Mol Med 5:505-510

Tiitta O, Happonen RP, Virtanen I, Luomanen M (1994)
Distribution of tenascin in oral premalignant lesions and squa-
mous cell carcinoma. J Oral Pathol Med 23:446—450

Vollmer G, Tan MI, Wunsche W, Frank K (1997) Expression of
tenascin-C by human endometrial adenocarcinoma and stroma
cells: heterogeneity of splice variants and induction by TGF-beta.
Biochem Cell Biol 75:759-769

Wewer de O, Mareel M (2003) The role of tissue stroma in cancer
cell invasion. J Pathol 200:429-447

Wiksten JP, Lundin J, Nordling S, Lundin M, Kokkola A, von
Boguslawski K, Haglund C (2003) Tenascin-C expression
correlates with prognosis in gastric cancer. Oncology 64:245—
250

@ Springer



Copyright of Clinical Oral Investigations is the property of Springer Science & Business Media
B.V. and its content may not be copied or emailed to multiple sites or posted to a listserv without
the copyright holder's express written permission. However, users may print, download, or email
articles for individual use.



